ABSTRACT
INTRODUCTION
In search of new semiconducting materials for solar energy conversion through photoelectrochemical cells, metal chalcogenides are increasingly studied. These materials to be potential candidates in solar cells due to band gap energy between 1 to 2 eV. Iron sulphide thin films attract attention of many researchers due to good potential for photovoltaic and photo-electrochemical applications. Iron sulphide thin films consist of abundant and non-toxic elements. The FeS 2 thin films have been prepared by a variety of methods such as flash evaporation [1] , metal organic chemical vapour deposition [2] , vacuum thermal evaporation [3] , sputtering [4] , chemical vapour deposition [5] , electrodeposition [6] and molecular beam deposition [7] . Each technique of thin film deposition has its own advantages and disadvantages. The technique such as chemical bath deposition, which is economical, highly feasible for large area deposition and producing well adherent thin film is of interest to researchers. Chemical bath deposition method is based on the reaction between dissolved iron ions and sulphur-containing organic compound (sodium thiosulfate) in acidic water solution. The triethanolamine was used as complexing agents for depositing iron sulphide thin films. The complexing agent as a component of the chemical bath eliminates spontaneous precipitation by slowing down the release of the metallic ions on dissociation thereby resulting in slow precipitation of the compound. So far, many semiconductor thin films deposited by chemical bath deposition method have been reported including PbS [8] , MnS [9] , ZnS [10] , CdS [11] , SnSe [12] , Cd 1-x Zn x S [13] , CuInSe 2 [14] , Cd 1-x Zn x Se [15] , Cu 4 SnS 4 [16] and CuBiS 2 [17] . However, there have been no reports in the literature on the aqueous solution deposition of iron sulphide thin films in the presence of TEA as complexing agent. In the present work, the preparation of FeS 2 thin films by using chemical bath deposition technique was described. The bath contained iron nitrate, sodium thiosulfate and triethanolamine solutions. The structural and morphological of thin films were investigated by using X-ray diffraction and atomic force microscope, respectively. Meanwhile, the optical properties of FeS 2 thin films were studied by using UVVisible Spectrophotometer. [HCl] . All the solutions were prepared in deionised water (Alpha-Q Millipore). During the deposition, the triethanolamine (TEA) was used as a complexing agent while iron nitrate and sodium thiosulfate acted as a source of iron and sulfide ions, respectively.
EXPERIMENTAL SECTION Materials

Instrumentation
In order to investigate the crystallographic properties of the FeS 2 thin films, we carried out the X-ray diffraction (XRD) analysis using Philips PM 11730 diffractometer with CuK α (λ = 1.5418 Å) radiation. The surface morphology and the root mean square (RMS) surface roughness of the films were characterized by using atomic force microscope (Quesant Instrument Corporation, Q-Scope 250). The optical absorption measurement was carried out in the wavelength range from 350 to 700 nm by using a Perkin Elmer UV/Vis Lambda 20 Spectrophotometer. The film-coated glass substrate was placed across the sample radiation pathway while the uncoated glass substrate was put across the reference path. The absorption data were manipulated for the determination of the band gap energy (E g ).
Procedure
For the careful cleaning of microscope glass substrates, the substrates were initially degreased in ethanol for 10 min and then washed with distilled water. These substrates were further treated with ultrasonic waves for 15 min, prior to deposition. In actual experimentation, 20 mL of 0.15 M iron nitrate solution was taken in 100 mL beaker. Then, 10 mL of triethanolamine solution was added in beaker. Following that, 20 mL of 0.15 M sodium thiosulfate solution was mixed in it. By adding drop-wise hydrochloric acid, the pH of the reactive mixture was adjusted to 2.5. The beaker was kept in water bath. The temperature of the bath was then allowed to increases slowly up to 90°C. The ultrasonically cleaned glass substrates were immersed vertically into acidic bath. After 90 min, the glass slide was removed, washed several times with distilled water, dried naturally in desiccator. : 00-024-0074) were evident and no elemental peaks for Fe and S were observed. According to XRD pattern, the sample shows polycrystalline in nature with preferential orientation along (110) direction and this is orthorhombic [18] structure. The color of the sample is yellowish brown and opaque in nature. Orthorhombic for FeS 2 [18] . Atomic force microscopy (AFM) is a useful technique analysis of surface topography of thin films. It can give the grain size, structure, thickness and surface roughness of thin films. Fig. 2 shows threedimensional AFM image of the thin films obtained under the experimental optimum conditions (bath temperature = 90°C, pH = 2.5, deposition time = 90 min, electrolyte concentration = 0.15 M). The scan area is over 20 m X 20 m. It is observed the film formation is irregular and non uniform. It had also been observed that the thickness and root mean square (RMS) surface roughness were 723 and 72.8 nm, respectively. Such roughness of the film was unavoidable since grains were grown with different sizes and shapes [19] .
RESULT AND DISCUSSION
The optical absorption of iron sulfide thin films in the wavelength range 350-700 nm has been investigated using UV/Vis Lambda 20 Spectrophotometer (Fig. 3) . A significant absorption is evident below 450 nm. The absorption edge extended to wavelengths which longer than 700 nm. This indicated the film is active in the visible and infrared region. Thus, there is good possibility that this material can be used as infrared devices and solar cells. 
where  is the frequency, h is the Planck's constant, k equals a constant while n carries the value of either 1 or 4. The value of n is 1 and 4 for the direct transition and indirect transition, respectively. Fig. 4 shows the plot of (Ah) 2/n versus h, which is a straight line in the domain of higher energies, indicating a direct optical transition. The band gap energy is obtained by extrapolating the linear portion of (Ah) 2/n versus h to the energy axis at (Ah) 2 /n = 0. The bandgap energy value of the film was estimated about 1.85 eV from the optical spectrum analyses.
CONCLUSION
The FeS 2 thin films can be chemically deposited by using iron nitrate, sodium thiosulfate and triethanolamine solutions. The XRD pattern reveals the formation of an orthorhombic structure, with the strongest peaks attributed to (110) plane of FeS 2 . Atomic force microscopy image showed the substrate surface is well covered with non uniform grains. The band gap of the material was found to be 1.85 eV.
